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$EVWUDFW
0XOWLILGHOLW\RSWLPL]DWLRQFDQEHXWLOL]HGIRUHIILFLHQWGHVLJQRIDLUIRLOVKDSHV,QWKLVSDSHUZHLQYHVWLJDWHWKHVFDOLQJSURSHUWLHVRI
DOJRULWKPVH[SORLWLQJWKLVPHWKRGRORJ\,QSDUWLFXODUZHVWXG\WKHUHODWLRQVKLSEHWZHHQWKHFRPSXWDWLRQDOFRVWDQGWKHVL]HRIWKH
GHVLJQVSDFH:H IRFXVRQD VSHFLILFRSWLPL]DWLRQ WHFKQLTXHZKHUH LQRUGHU WR UHGXFH WKHGHVLJQFRVW WKHDFFXUDWHKLJKILGHOLW\
DLUIRLOPRGHOLVUHSODFHGE\DFKHDSVXUURJDWHFRQVWUXFWHGIURPDORZILGHOLW\PRGHODQGWKHVKDSHSUHVHUYLQJUHVSRQVHSUHGLFWLRQ
WHFKQLTXH,QWKLVVWXG\ZHFRQVLGHUWKHGHVLJQRIWUDQVRQLFDLUIRLOVDQGXVHWKHFRPSUHVVLEOH(XOHUHTXDWLRQVLQWKHKLJKILGHOLW\
FRPSXWDWLRQDO IOXLGG\QDPLF &)'PRGHO7KH ORZILGHOLW\&)'PRGHO LV VDPHDV WKHKLJKILGHOLW\RQHEXWZLWKFRDUVHUPHVK
UHVROXWLRQDQGUHGXFHGOHYHORIVROYHUFRQYHUJH7KHQXPEHURIGHVLJQYDULDEOHVYDULHVIURPWRE\XVLQJ1$&$GLJLWDLUIRLO
VKDSHVDVZHOODVDLUIRLOVFRQVWUXFWHGE\%p]LHUFXUYHV7KHUHVXOWVRIWKHWKUHHRSWLPL]DWLRQVWXGLHVVKRZWKDWWRWDOFRVWLQFUHDVHV
IURP DERXW  HTXLYDOHQW KLJKILGHOLW\PRGHO HYDOXDWLRQV WR  7KH QXPEHU RI KLJKILGHOLW\ HYDOXDWLRQV LQFUHDVHV IURP  WR 
ZKHUHDV WKH QXPEHU RI ORZILGHOLW\ HYDOXDWLRQV LQFUHDVHVPRUH UDSLGO\ IURP WR 7KLV LQGLFDWHV WKDW ZKLOH WKH RYHUDOO
RSWLPL]DWLRQFRVW VFDOHVPRUHRU OHVV OLQHDUO\ZLWK WKHGLPHQVLRQDOLW\RI WKHGHVLJQVSDFH IXUWKHUFRVW UHGXFWLRQFDQEHREWDLQHG
WKURXJKPRUHHIILFLHQWRSWLPL]DWLRQRIWKHVXUURJDWHPRGHO
.H\ZRUGVFXUVHRIGLPHQVLRQDOLW\DOJRULWKPVFDODELOLW\PXOWLILGHOLW\RSWLPL]DWLRQDHURG\QDPLFGHVLJQ&)'SK\VLFVEDVHGVXUURJDWHV
,QWURGXFWLRQ
6XUURJDWHEDVHGRSWLPL]DWLRQ6%2>@LVWKHEDVLVRIPDQ\HIILFLHQWDHURG\QDPLFGHVLJQWHFKQLTXHVVHHHJ>@
0DQ\FRQYHQWLRQDO6%2WHFKQLTXHVFRQVWUXFWWKHVXUURJDWHE\DSSUR[LPDWLQJWKHVDPSOHGKLJKILGHOLW\VLPXODWLRQVGDWD
HVWLPDWH WKH RSWLPXP GHVLJQ EDVHG RQ WKH VXUURJDWH DQG WKHQ YDOLGDWH WKH RSWLPXP E\ SHUIRUPLQJ D KLJKILGHOLW\
VLPXODWLRQ7KLV F\FOH LV UHSHDWHG XQWLO FRQYHUJHQFH RU XQWLO D VDWLVIDFWRU\ GHVLJQ LV IRXQG )RU D JLYHQ VHW RI GHVLJQ
YDULDEOHV WKH RYHUDOO FRPSXWDWLRQDO FRVW RI 6%2 FRPSDUHG WR FRQYHQWLRQDO GLUHFW RSWLPL]DWLRQ DSSURDFKHV VXFK DV
JUDGLHQWEDVHGRUSRSXODWLRQEDVHGPHWKRGVPD\EHVLJQLILFDQWO\ORZHU+RZHYHUWKHFRQYHQWLRQDO6%2LVVWLOOOLPLWHG
E\WKHFXUVHRIGLPHQVLRQDOLW\LHWKHFRPSXWDWLRQDOFRVWLQFUHDVHVUDSLGO\ZLWKWKHVL]HRIWKHGHVLJQVSDFH
7KH VXUURJDWH PRGHO FRQVWUXFWLRQ LV W\SLFDOO\ UHDOL]HG LQ ILYH VWHSV  VHOHFWLRQ RI WKH GHVLJQ YDULDEOHV 
VDPSOLQJRIWKHGHVLJQVSDFHRIWHQFDOOHGGHVLJQRIH[SHULPHQWV'2(DFTXLVLWLRQRIKLJKILGHOLW\PRGHOGDWD
PRGHOLGHQWLILFDWLRQDQGILQDOO\PRGHOYDOLGDWLRQ>@1XPHURXVPHWKRGVIRUVDPSOLQJWKHGHVLJQVSDFHDUH
DYDLODEOHLQFOXGLQJIDFWRULDOGHVLJQRU/DWLQK\SHUFXEHVDPSOLQJ>@,QJHQHUDOWKHQXPEHURIVDPSOHVUHTXLUHGE\

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VXFKPHWKRGVLQFUHDVHVH[SRQHQWLDOO\ZLWKWKHGLPHQVLRQRIWKHGHVLJQVSDFH>@2QHZD\RIDGGUHVVLQJWKLVLVE\
UHGXFLQJWKHGLPHQVLRQDOLW\RIWKHSUREOHP7KLVFDQEHDFKLHYHGXVLQJPHWKRGVVXFKDVWUHHGPHWDPRGHO700
IUDPHZRUN>@DQGJHQHUDWLYHWRSRJUDSKLFPDSSLQJ>@7KLVKRZHYHURQO\SDUWLDOO\DOOHYLDWHVWKHSUREOHP
$QRWKHUZD\RIFRQVWUXFWLQJWKHVXUURJDWHLVE\ORZILGHOLW\PRGHOLQJFDOOHGPXOWLRUYDULDEOHILGHOLW\PRGHOLQJ>
@+HUHWKHORZILGHOLW\PRGHOFDQEHIRUH[DPSOHDVLPSOLILHGSK\VLFVPRGHODFRPSXWDWLRQDOIOXLGG\QDPLFV&)'
PRGHO RI GLIIHUHQW PHVK UHVROXWLRQ D &)' PRGHO ZLWK D GLIIHUHQW OHYHO RI FRQYHUJHQFH RU D FRPELQDWLRQ RI WKH
DIRUHPHQWLRQHG PRGHOV 7KH IXQGDPHQWDO GLIIHUHQFH RI WKLV DSSURDFK FRPSDUHG WR WKH IXQFWLRQDO VXUURJDWH PRGHOLQJ
DSSURDFKLVWKDWWKHNQRZOHGJHDERXWWKHSK\VLFDOV\VWHPRILQWHUHVWLVHPEHGGHGLQWKHORZILGHOLW\PRGHO7KLVDOORZVXV
WR REWDLQ D UHODWLYHO\ DFFXUDWH VXUURJDWHPRGHOZLWK JRRG JHQHUDOL]DWLRQ SURSHUWLHV XVLQJ D YHU\ ORZ DPRXQW RI KLJK
ILGHOLW\PRGHO GDWD LQ VRPHFDVHV D VLQJOHKLJKILGHOLW\PRGHO VDPSOHPD\EH VXIILFLHQW7\SLFDOO\ WKH VXUURJDWH LV
FUHDWHGE\PHDQVRIVXLWDEOHPDQLSXODWLRQRIWKHORZILGHOLW\PRGHOGRPDLQHJVSDFHPDSSLQJ60>@RUDSURSHU
UHVSRQVHFRUUHFWLRQWHFKQLTXHHJVKDSHSUHVHUYLQJUHVSRQVHSUHGLFWLRQ6353>@7KHSRWHQWLDOGLVDGYDQWDJHRIPXOWL
ILGHOLW\WHFKQLTXHVLVWKDWORZILGHOLW\PRGHOPD\EHUHODWLYHO\H[SHQVLYH1HYHUWKHOHVVPXOWLILGHOLW\VKDSHRSWLPL]DWLRQ
VHHPVWRRIIHUVLJQLILFDQWUHGXFWLRQRIWKHRYHUDOORSWLPL]DWLRQFRVWVHHHJ>@+RZHYHUDVWXG\RIWKHUHODWLRQVKLS
EHWZHHQWKHFRVWDQGWKHQXPEHURIGHVLJQYDULDEOHVKDVQRW\HWEHHQUHSRUWHGLQWKHOLWHUDWXUHIRUWKLVNLQGRIWHFKQLTXHV
,Q WKLV ZRUN WKH VFDOLQJ SURSHUWLHV RI PXOWLILGHOLW\ DLUIRLO VKDSH RSWLPL]DWLRQ DUH LQYHVWLJDWHG:H XVH YDULDEOH
UHVROXWLRQPRGHOLQJYDU\LQJOHYHOVRIPHVKGHQVLW\DQGVROYHUFRQYHUJHQFHFULWHULDDQGWKH6353WHFKQLTXHWRFRQVWUXFW
WKHVXUURJDWHPRGHO7KHDLUIRLOVKDSHLVSDUDPHWHUL]HGXVLQJWZRGLIIHUHQWWHFKQLTXHVZLWKWKHQXPEHURIGHVLJQYDULDEOHV
UDQJLQJIURPWKUHHWRHOHYHQ2QHFDVHVWXG\RIDLUIRLORSWLPL]DWLRQDWWUDQVRQLFVSHHGVLVSURYLGHG
0XOWL)LGHOLW\6KDSH2SWLPL]DWLRQZLWK6353
,Q WKLV VHFWLRQZH GHVFULEH WKHPXOWLILGHOLW\ DLUIRLO VKDSH RSWLPL]DWLRQPHWKRGRORJ\:H IRFXV RQ D VSHFLILF
GHVLJQDSSURDFKWKDWH[SORLWVVKDSHSUHVHUYLQJUHVSRQVHSUHGLFWLRQ6353WHFKQLTXH>@:HGLVFXVVWKHSUREOHP
IRUPXODWLRQWKHRSWLPL]DWLRQDOJRULWKPDVZHOODVVXUURJDWHPRGHOLQJWKURXJK6353
3UREOHP)RUPXODWLRQ
$LUIRLOVKDSHRSWLPL]DWLRQFDQEHIRUPXODWHGDVDFRQVWUDLQHGQRQOLQHDUPLQLPL]DWLRQSUREOHPLHIRUDJLYHQ
RSHUDWLQJFRQGLWLRQVROYH

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[
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

ZKHUHI[LVWKHREMHFWLYHIXQFWLRQ[LVWKHGHVLJQYDULDEOHYHFWRUGHWDLOVRIWKHDLUIRLOSDUDPHWHUL]DWLRQPHWKRGVXVHG
LQWKLVZRUNDUHJLYHQLQ6HFWLRQJM[DUHWKHLQHTXDOLW\FRQVWUDLQWV0LVWKHQXPEHURIWKHLQHTXDOLW\FRQVWUDLQWV
KN[DUHWKHHTXDOLW\FRQVWUDLQWV1LVWKHQXPEHURIWKHHTXDOLW\FRQVWUDLQWVDQGODQGXDUHWKHGHVLJQYDULDEOHVORZHU
DQGXSSHUERXQGVUHVSHFWLYHO\7KHGHWDLOHGIRUPXODWLRQWKHQGHSHQGVRQWKHSDUWLFXODUGHVLJQVFHQDULR,QWKLVZRUN
ZHFRQVLGHUOLIWPD[LPL]DWLRQZLWKWKHIROORZLQJIRUPXODWLRQIRUDJLYHQRSHUDWLQJFRQGLWLRQRI0DFKQXPEHU0fDQG
DQDQJOHRIDWWDFNĮPLQLPL]HWKHQHJDWLYHVHFWLRQOLIWFRHIILFLHQWI[ ±&O[VXEMHFWWRFRQVWUDLQWVRQWKHVHFWLRQ
GUDJFRHIILFLHQWJ[ &GZ[±&GZGHVLUHGDQGWKHFURVVVHFWLRQDODUHDJ[ $PLQ±$[
'XH WR XQDYRLGDEOH PLVDOLJQPHQW EHWZHHQ WKH SUHVVXUH GLVWULEXWLRQV RI WKH KLJKILGHOLW\ PRGHO DQG LWV 6353
VXUURJDWH LW LV QRW FRQYHQLHQW WR KDQGOH WKH GUDJ FRQVWUDLQW GLUHFWO\ EHFDXVH WKH GHVLJQ WKDW LV IHDVLEOH IRU WKH
VXUURJDWHPRGHOPD\ QRW EH IHDVLEOH IRU WKHKLJKILGHOLW\PRGHO ,QSDUWLFXODU WKHGHVLJQREWDLQHG DV D UHVXOW RI
RSWLPL]LQJWKHVXUURJDWHPRGHO&SVL LH[LZLOOEHIHDVLEOHIRU&SVL+RZHYHU LI[L LVQRW IHDVLEOH IRUWKH
KLJKILGHOLW\PRGHOLWZLOOQRWEHIHDVLEOHIRU&SVLEHFDXVHZHKDYH&SVL[L &SI[LE\WKHGHILQLWLRQRI
WKHVXUURJDWHPRGHO,QRUGHUWRDOOHYLDWHWKLVSUREOHPWKHFRQVWUDLQWVDUHLPSOHPHQWHGWKURXJKSHQDOW\IXQFWLRQV
0RUHVSHFLILFDOO\WKHREMHFWLYHIXQFWLRQLVGHILQHGDV

> @  [[[ SVGZSVOS &&&&&+ ' E 

ZKHUH'&GZV  LI&GZV&GZVPD[ DQG'&GZV &GZV±&GZVPD[RWKHUZLVH7KHFURVVVHFWLRQDODUHDFRQVWUDLQW LV
KDQGOHGGLUHFWO\:HXVHE LQRXUQXPHULFDOVWXGLHV+HUHWKHSUHVVXUHGLVWULEXWLRQIRUWKHVXUURJDWHPRGHO
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LV&S &SVDQGIRUWKHKLJKILGHOLW\PRGHO&S &SI$OVR&OVDQG&GZVGHQRWHWKHOLIWDQGZDYHGUDJFRHIILFLHQWV
ERWKEHLQJIXQFWLRQVRIWKHSUHVVXUHGLVWULEXWLRQ
2SWLPL]DWLRQ$OJRULWKP
7KHDLUIRLOGHVLJQSURFHVVLVDFFHOHUDWHGE\XVLQJVXUURJDWHEDVHGRSWLPL]DWLRQ6%2>@ZLWKSK\VLFVEDVHG
ORZILGHOLW\ PRGHOV 7KH ORZILGHOLW\ PRGHO LQKHULWV NQRZOHGJH DERXW WKH V\VWHP XQGHU FRQVLGHUDWLRQ KHUH WKH
DLUIRLODQGFDQEHXVHGWRFUHDWHDIDVWDQG\HWDFFXUDWHUHSUHVHQWDWLRQRIWKHKLJKILGHOLW\PRGHODVXUURJDWH7KH
VXUURJDWHPRGHOLVWKHQXVHGDVDSUHGLFWLRQWRROWKDW\LHOGVDQDSSUR[LPDWHKLJKILGHOLW\PRGHORSWLPXPDWDORZ
FRPSXWDWLRQDOFRVW>@7KHIORZGLDJUDPRIWKH6%2SURFHVVH[SORLWLQJ6353VXUURJDWHPRGHOLVVKRZQLQ)LJ
,Q QH[W VHFWLRQ ZH GHVFULEH WKH SURFHVV RI FUHDWLQJ WKH VXUURJDWH PRGHO V XVLQJ D VSHFLILF DSSURDFK ± VKDSH
SUHVHUYLQJUHVSRQVHSUHGLFWLRQ6353>@7KHGHWDLOVRIWKHKLJKDQGORZILGHOLW\PRGHOVXVHGLQWKLVZRUNDUH
JLYHQLQ6HFWLRQ
6XUURJDWH0RGHOLQJZLWK6353
$VKDSHSUHVHUYLQJ UHVSRQVHSUHGLFWLRQ 6353PHWKRGRORJ\ZDV LQLWLDOO\ LQWURGXFHG LQ >@ LQ WKHFRQWH[WRI
PLFURZDYH HQJLQHHULQJ 6353 LV HDV\ WR LPSOHPHQW DQG LW GRHV QRW XVH DQ\ H[SOLFLW SDUDPHWHUV WKDW QHHG WR EH
H[WUDFWHG>@$OVR6353GRHVQRWUHTXLUHKLJKILGHOLW\PRGHOGHULYDWLYHLQIRUPDWLRQ7KHPDLQFRPSRQHQWVRIWKH
VXUURJDWHDUHWKHORZILGHOLW\&)'PRGHOWKHGDWDREWDLQHGIURPDVLQJOHKLJKILGHOLW\&)'PRGHOHYDOXDWLRQDQG
DUHVSRQVHSUHGLFWLRQWHFKQLTXH)LJXUHVKRZVWKHRYHUDOOSURFHVVRIWKHVXUURJDWHPRGHOFRQVWUXFWLRQXVLQJ6353
%\IRUPXODWLRQ6353ZRUNVGLUHFWO\ZLWKWKHPRGHORXWSXWVWKDWFDQEHGHVFULEHGE\FHUWDLQQXPEHURIGHVLJQ
YDULDEOHGHSHQGHQWFKDUDFWHULVWLFIHDWXUHV>@,QWKHFDVHRIDSUHVVXUHGLVWULEXWLRQWKHVHIHDWXUHVPD\LQFOXGHWKH
ORFDWLRQDQGVWUHQJWKRIWKHVKRFNWKHSUHVVXUHDWWKHOHDGLQJDQGWUDLOLQJHGJHVDQGPDQ\RWKHUV,QGLUHFWDLUIRLO
GHVLJQWKHSUHVVXUHGLVWULEXWLRQLVDQLQWHUPHGLDWHVLPXODWLRQUHVXOWZLWKWKHILJXUHVRILQWHUHVWVXFKDVOLIWRUGUDJ
EHLQJGHULYHGIURPLW,QLQYHUVHGHVLJQWKHSUHVVXUHGLVWULEXWLRQLVWKHPDLQREMHFWRILQWHUHVWZKLFKPDNHV6353
ZHOOVXLWHGIRUWKLVNLQGRISUREOHP



)LJ7KH IORZRI WKHVXUURJDWHEDVHGRSWLPL]DWLRQ6%2DOJRULWKPDQGWKHGHWDLOVRI WKHVXUURJDWHPRGHOFRQVWUXFWLRQDWGHVLJQLWHUDWLRQL
XVLQJVKDSHSUHVHUYLQJUHVSRQVHSUHGLFWLRQ63537KHKLJKILGHOLW\SUHVVXUHGLVWULEXWLRQDWDGHVLJQ[WKHVXUURJDWH&SV[LVSUHGLFWHGXVLQJ
WKHKLJKILGHOLW\PRGHOGDWDDWDUHIHUHQFHGHVLJQ[L&SI[LDQGWKHFKDQJHRIWKHORZILGHOLW\SUHVVXUHGLVWULEXWLRQIURP[LWR[&SF[LDQG
&SF[UHVSHFWLYHO\

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
7KHSUHVVXUHGLVWULEXWLRQIRUWKHKLJKDQGORZILGHOLW\PRGHOVZLOOEHGHQRWHGDV&SIDQG&SFUHVSHFWLYHO\7KH
VXUURJDWHPRGHOLVFRQVWUXFWHGDVVXPLQJWKDWWKHFKDQJHRI&SIGXHWRWKHDGMXVWPHQWRIWKHGHVLJQYDULDEOHV[FDQ
EH SUHGLFWHG XVLQJ WKH DFWXDO FKDQJHV RI &SF 7KH FKDQJH RI &SF LV GHVFULEHG E\ WKH WUDQVODWLRQ YHFWRUV
FRUUHVSRQGLQJWRFHUWDLQILQLWHQXPEHURILWVFKDUDFWHULVWLFSRLQWV7KHVHWUDQVODWLRQYHFWRUVDUHVXEVHTXHQWO\XVHG
WRSUHGLFWWKHFKDQJHRI&SIZKHUHDVWKHDFWXDO&SIDWWKHFXUUHQWGHVLJQ&SI[LLVWUHDWHGDVDUHIHUHQFH
)LJXUH D VKRZV WKH SUHVVXUH GLVWULEXWLRQ&SF RI WKH ORZILGHOLW\PRGHO DW[L   >PS WF@7   >  @7
1$&$DLUIRLOIRU0f DQGĮ DVZHOODV&SFDW[ >@7[LZLOOGHQRWHDFXUUHQW
GHVLJQ DW WKH LWK LWHUDWLRQ RI WKH RSWLPL]DWLRQ DOJRULWKP WKH LQLWLDO GHVLJQ ZLOO EH GHQRWHG DV [ DFFRUGLQJO\
&LUFOHVGHQRWHFKDUDFWHULVWLFSRLQWVRI&SF[LKHUHUHSUHVHQWLQJDPRQJRWKHUV[FHTXDOWRDQGOHDGLQJDQG
WUDLOLQJDLUIRLOHGJHVUHVSHFWLYHO\WKHPD[LPDRI&SFIRUWKHORZHUDQGXSSHUDLUIRLOVXUIDFHVDVZHOODVWKHORFDO
PLQLPXPRI&SFIRUWKHXSSHUVXUIDFH7KHODVWWZRSRLQWVDUHXVHIXOWRORFDWHWKHSUHVVXUHVKRFN6TXDUHVGHQRWH
FRUUHVSRQGLQJ FKDUDFWHULVWLF SRLQWV IRU &SF[ ZKLOH VPDOO OLQH VHJPHQWV UHSUHVHQW WKH WUDQVODWLRQ YHFWRUV WKDW
GHWHUPLQHWKH³VKLIW´RIWKHFKDUDFWHULVWLFSRLQWVRI&SFZKHQFKDQJLQJWKHGHVLJQYDULDEOHVIURP[LWR[
,QRUGHUWRREWDLQDUHOLDEOHSUHGLFWLRQWKHQXPEHURIFKDUDFWHULVWLFSRLQWVKDVWREHODUJHUWKDQLOOXVWUDWHGLQ)LJ
D$GGLWLRQDOSRLQWVDUHLQVHUWHGLQEHWZHHQLQLWLDOSRLQWVHLWKHUXQLIRUPO\ZLWKUHVSHFWWR[FIRUWKRVHSDUWVRIWKH
SUHVVXUHGLVWULEXWLRQWKDWDUHDOPRVWIODWRUEDVHGRQWKHUHODWLYHSUHVVXUHYDOXHZLWKUHVSHFWWRFRUUHVSRQGLQJLQLWLDO
SRLQWV IRU WKRVHSDUWVRI WKHSUHVVXUHGLVWULEXWLRQ WKDWDUH ³VWHHS´)LJXUHEVKRZV WKH IXOO VHWRIFKDUDFWHULVWLF
SRLQWVLQLWLDOSRLQWVDUHGLVWLQJXLVKHGXVLQJODUJHUPDUNHUV7KHVSHFLILFDOORFDWLRQRIWKHDGGLWLRQDOFKDUDFWHULVWLF
SRLQWVLVQRWFULWLFDOIRUWKHSHUIRUPDQFHRIWKHDOJRULWKP
7KH SUHVVXUH GLVWULEXWLRQ RI WKH KLJKILGHOLW\ PRGHO DW WKH JLYHQ GHVLJQ KHUH [ FDQ EH SUHGLFWHG XVLQJ WKH
WUDQVODWLRQYHFWRUVDSSOLHGWRWKHFRUUHVSRQGLQJFKDUDFWHULVWLFSRLQWVRIWKHSUHVVXUHGLVWULEXWLRQRIWKHKLJKILGHOLW\
PRGHODW[L&SI[L7KLVLVLOOXVWUDWHGLQ)LJDZKHUHRQO\LQLWLDOFKDUDFWHULVWLFSRLQWVDQGWUDQVODWLRQYHFWRUVDUH
VKRZQIRUFODULW\)LJXUHEVKRZVWKHSUHGLFWHGSUHVVXUHGLVWULEXWLRQRIWKHKLJKILGHOLW\PRGHODW[DVZHOODVWKH
DFWXDO&SI[7KHDJUHHPHQWEHWZHHQERWKFXUYHVLVYHU\JRRG
5LJRURXV IRUPXODWLRQ RI WKH 6353 WHFKQLTXH FDQ EH IRXQG LQ >@:H RPLW WKH GHWDLOV KHUH IRU WKH VDNH RI
EUHYLW\ ,W VKRXOG EH PHQWLRQHG WKDW WKH 6353 PRGHO DVVXPHV WKDW WKH KLJK DQG ORZILGHOLW\ PRGHO SUHVVXUH
GLVWULEXWLRQV KDYH FRUUHVSRQGLQJ VHWV RI FKDUDFWHULVWLF SRLQWV 7KLV LV XVXDOO\ WKH FDVH IRU WKH SUDFWLFDO UDQJHV RI
GHVLJQ YDULDEOHV EHFDXVH WKH RYHUDOO VKDSH RI WKH GLVWULEXWLRQV LV VLPLODU IRU ERWK PRGHOV ,Q FDVH RI D ODFN RI
FRUUHVSRQGHQFHRULJLQDOGHILQLWLRQVRIFKDUDFWHULVWLFSRLQWVDUH UHSODFHGE\ WKHLU FORVHVW FRXQWHUSDUWV7KH W\SLFDO
H[DPSOH ZRXOG EH QRQH[LVWHQFH RI WKH ORFDOPLQLPXPRI WKH SUHVVXUH GLVWULEXWLRQ IRU WKH XSSHU VXUIDFH IRU WKH
KLJKDQGRUORZILGHOLW\PRGHODWFHUWDLQGHVLJQV,QWKLVFDVHWKHRULJLQDOSRLQWORFDOPLQLPXPLVUHSODFHGE\WKH
SRLQWVFKDUDFWHUL]HGE\WKHODUJHVWFXUYDWXUH


DE
)LJD([DPSOHORZILGHOLW\PRGHOSUHVVXUHGLVWULEXWLRQDWWKHGHVLJQ[L&SF[LVROLGOLQHWKHORZILGHOLW\PRGHOSUHVVXUHGLVWULEXWLRQDW
RWKHUGHVLJQ[&SF[GRWWHGOLQHFKDUDFWHULVWLFSRLQWVRI&SF[L FLUFOHVDQG&SF[VTXDUHVDQGWKH WUDQVODWLRQYHFWRUVVKRUW OLQHV E
ORZILGHOLW\PRGHOSUHVVXUHGLVWULEXWLRQV LQLWLDOFKDUDFWHULVWLFSRLQWVODUJHPDUNHUVDQGWUDQVODWLRQYHFWRUVIURP)LJDDVZHOODVDGGLWLRQDO
SRLQWVVPDOOPDUNHUVLQVHUWHGLQEHWZHHQWKHLQLWLDOSRLQWVHLWKHUXQLIRUPO\ZLWKUHVSHFWWR[FIRUWKRVHSDUWVRIWKHSUHVVXUHGLVWULEXWLRQWKDW
DUHDOPRVWIODWRUEDVHGRQWKHUHODWLYHSUHVVXUHYDOXHZLWKUHVSHFWWRFRUUHVSRQGLQJLQLWLDOSRLQWVIRUWKRVHSDUWVRIWKHSUHVVXUHGLVWULEXWLRQWKDW
DUH³VWHHS´
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
DE
)LJD+LJKILGHOLW\PRGHOSUHVVXUHGLVWULEXWLRQDW[L&SI[LVROLGOLQHDQGWKHSUHGLFWHGKLJKILGHOLW\PRGHO&SDW[GRWWHGOLQHREWDLQHG
XVLQJ6353EDVHGRQFKDUDFWHULVWLFSRLQWVRI)LJEFKDUDFWHULVWLFSRLQWVRI&SI[LFLUFOHVDQGWKHWUDQVODWLRQYHFWRUVVKRUWOLQHVZHUHXVHG
WRILQGWKHFKDUDFWHULVWLFSRLQWVVTXDUHVRIWKHSUHGLFWHGKLJKILGHOLW\PRGHOSUHVVXUHGLVWULEXWLRQRQO\LQLWLDOSRLQWVDUHVKRZQIRUFODULW\ORZ
ILGHOLW\ PRGHO GLVWULEXWLRQV &SF[L DQG &SF[ DUH SORWWHG XVLQJ WKLQ VROLG DQG GRWWHG OLQH UHVSHFWLYHO\ E KLJKILGHOLW\ PRGHO SUHVVXUH
GLVWULEXWLRQDW[&SI[VROLGOLQHDQGWKHSUHGLFWHGKLJKILGHOLW\PRGHOSUHVVXUHGLVWULEXWLRQDW[REWDLQHGXVLQJ6353GRWWHGOLQH

$LUIRLO6KDSH3DUDPHWHUL]DWLRQ
,Q WKLV VWXG\ ZH DSSO\ WKH 6353 RSWLPL]DWLRQ WHFKQLTXH WR VKDSH RSWLPL]DWLRQ RI GLIIHUHQW VL]HV LQ RUGHU WR
LQYHVWLJDWH WKH UHODWLRQVKLSEHWZHHQ WKHSUREOHPVL]HDQG WKHFRPSXWDWLRQDOFRVWRI WKHRSWLPL]DWLRQSURFHVV:H
XVH WZRGLIIHUHQWDLUIRLO VKDSHSDUDPHWHUL]DWLRQ WHFKQLTXHV7KH1$&$GLJLW DLUIRLOV >@FDQEHSDUDPHWHUL]HG
ZLWKRQO\WKUHHGHVLJQYDULDEOHVEXWOLPLWHGFRQWUROLVSURYLGHG8VLQJ%p]LHUFXUYHV>@SURYLGHVDEHWWHUFRQWURO
RIWKHVKDSH+HUHZHXVH%p]LHUFXUYHVWRGHVFULEHWKHDLUIRLOVKDSHVZLWKVHYHQDQGHOHYHQGHVLJQYDULDEOHV7KH
IROORZLQJLVWKHGHVFULSWLRQRIWKHVHSDUDPHWHUL]DWLRQWHFKQLTXHV
1$&$$LUIRLOV
,Q WKH1$&$ IRXUGLJLW SDUDPHWHUL]DWLRQPHWKRG >@ WKH DLUIRLO VKDSH LV GHILQHGE\ WKUHHSDUDPHWHUVP WKH
PD[LPXP RUGLQDWH RI WKH PHDQ FDPEHUOLQH DV D IUDFWLRQ RI FKRUG S WKH FKRUGZLVH SRVLWLRQ RI WKH PD[LPXP
RUGLQDWHDQGWFWKHPD[LPXPWKLFNQHVVWRFKRUGUDWLR7KHDLUIRLOVDUHGHQRWHGDV1$&$PS[[ZKHUH[[LVWKH
PD[LPXPWKLFNQHVVWRFKRUGUDWLRWF7KHGHVLJQYDULDEOHYHFWRUIRUWKLVSDUDPHWHUL]DWLRQFDQEHZULWWHQDV

[ >PSWF@7

7KHDLUIRLOVDUHFRQVWUXFWHGE\FRPELQLQJDWKLFNQHVVIXQFWLRQ]W[FZLWKDPHDQFDPEHUOLQHIXQFWLRQ]F[F
7KH[FDQG]FFRRUGLQDWHVDUH>@

TVLQ  F]F[F[ WOX #  TFRV  F]F]F] WFOX r 

ZKHUHXDQGOUHIHUWRWKHXSSHUDQGORZHUVXUIDFHVUHVSHFWLYHO\]W[FLVWKHWKLFNQHVVIXQFWLRQ]F[FLVWKHPHDQ
FDPEHUOLQHIXQFWLRQDQG
¸¸
¹
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F]G FT 

LVWKHPHDQFDPEHUOLQHVORSH7KH1$&$IRXUGLJLWWKLFNQHVVGLVWULEXWLRQLVJLYHQE\

 
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
 F[DF[DF[DF[DF[DWF]W  

ZKHUHD D D D D DQGWLVWKHPD[LPXPWKLFNQHVV
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
)LJ6KRZQDUHWKUHHGLIIHUHQW1$&$IRXUGLJLWDLUIRLOVHFWLRQV1$&$P S WF 1$&$P S WF 
DQG1$&$P S WF 

7KHPHDQFDPEHUOLQHLVJLYHQE\

SF[F[F[SS
S
PF]SF[F[F[S
S
PF] FF t
  

 

  

7KUHHH[DPSOH1$&$IRXUGLJLWDLUIRLOVDUHVKRZQLQ)LJ
%p]LHU$LUIRLOV
%p]LHUFXUYHV>@RIRUGHUQDUHGHILQHGDV

¦¦
  


 
P
N
Q
L
LLQ L3NENE
LQL
QW%
 


 

ZKHUH3LL «QDUHFRQWUROSRLQWVDQGELVDQuPDUUD\ZLWKHQWULHVIURPWR$Q\QXPEHURIFRQWURO
SRLQWV FDQEHXVHG WR UHSUHVHQW WKH DLUIRLO VKDSH ,Q WKLVZRUNZHXVH WZR VHWXSV RQHZLWK FRQWURO SRLQWV DQG
DQRWKHUZLWKFRQWUROSRLQWV$QH[DPSOHRIWKHVHVHWXSVLVVKRZQLQ)LJ
7KHVHWXSZLWKFRQWUROSRLQWVVKRZQLQ)LJDLVFRQILJXUHGDVIROORZV7KHFRQWUROSRLQWDWWKHOHDGLQJHGJH
LVIL[HGWRWKHRULJLQ7KHUHDUHWZRFRQWUROSRLQWVRQWKHOLQH[F DQGWZRFRQWUROSRLQWVIRUWKHXSSHUDQGORZHU
VXUIDFHV7KHFRQWUROSRLQWDWWKHWUDLOLQJHGJHLVRQWKHOLQH[F ,QWRWDOWKLVJLYHVVKDSHSDUDPHWHUVDQGWKH
GHVLJQYDULDEOHYHFWRUFDQEHZULWWHQDV

[ >[FX[FO\FX/(\FX\FO/(\FO\F7(@7
ZKHUHXDQGOGHQRWHWKHXSSHUDQGORZHUVXUIDFHV/(LVWKHOHDGLQJHGJHDQG7(LVWKHWUDLOLQJHGJH7KHVHWXS
ZLWKFRQWUROSRLQWVVKRZQLQ)LJELVLGHQWLFDOH[FHSWWKDWWZRIUHHFRQWUROSRLQWVDUHDGGHGRQHRQWKHXSSHU
VXUIDFHDQGWKHRWKHURQWKHORZHUVXUIDFH,QWKLVFDVHWKHUHDUHVKDSHSDUDPHWHUVDQGWKHGHVLJQYDULDEOHYHFWRU
LV
[ >[FX[FX[FO[FO\FX/(\FX\FX\FO/(\FO\FO\F7(@7
ZKHUHWKHQXPEHUVDQGUHIHUWRWKHIUHHFRQWUROSRLQWVRQWKHXSSHUDQGORZHUVXUIDFHV


DE
)LJ  %p]LHU FXUYH DSSUR[LPDWLRQV VROLG EODFN OLQHV RI WKH 5$(  DLUIRLO VROLG EOXH OLQHV D ZLWK  FRQWURO SRLQWV DQG  VKDSH
SDUDPHWHUVDQGEZLWKFRQWUROSRLQWVDQGVKDSHSDUDPHWHUV7KHFRQWUROSRLQWVDQGFXUYHVDUHLQGLFDWHGE\GRWVDQGGDVKHGOLQHV
UHVSHFWLYHO\
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7KH DSSUR[LPDWH %p]LHU DLUIRLO VKDSHV VKRZQ LQ )LJ  DUH IRXQG E\ PLQLPL]LQJ WKH QRUP RI WKH GLIIHUHQFH
EHWZHHQ WKHDFWXDO5$(VKDSHDQG WKHFXUYHVKDSHVJHQHUDWHGE\(T$GGLQJPRUHFRQWUROSRLQWVFOHDUO\
\LHOGVDEHWWHUDSSUR[LPDWLRQWRWKHJLYHQDLUIRLOVKDSH7KLVZLOODOVRWUDQVODWHWRDQLPSURYHGFRQWURORIWKHDLUIRLO
VKDSHGXULQJRSWLPL]DWLRQ+RZHYHUZLWKWKHDGGLWLRQDOFRQWUROSRLQWVFRPHVDGGLWLRQDOFRPSXWDWLRQDOFRVWZKLFK
LVH[DFWO\WKHVXEMHFWRIWKLVZRUN
&RPSXWDWLRQDO)OXLG'\QDPLF0RGHOLQJ
$ VLQJOH&)' VLPXODWLRQ FRQVLVWV LQ JHQHUDO RI IRXU VWHSV WKH JHRPHWU\ JHQHUDWLRQPHVKLQJRI WKH VROXWLRQ
GRPDLQ QXPHULFDO VROXWLRQRI WKHJRYHUQLQJ IOXLG IORZHTXDWLRQV DQGSRVWSURFHVVLQJRI WKH IORZ UHVXOWVZKLFK
LQYROYHVLQWKHFDVHRIQXPHULFDORSWLPL]DWLRQFDOFXODWLQJWKHREMHFWLYHVDQGFRQVWUDLQWV,QWKLVVHFWLRQZHSUHVHQW
WKHKLJKDQGORZILGHOLW\&)'PRGHOVDVZHOODVWKHFDOFXODWLRQRIWKHDHURG\QDPLFIRUFHV
+LJK)LGHOLW\0RGHO
7KHIORZLVDVVXPHGWREHVWHDG\LQYLVFLGDQGDGLDEDWLFZLWKQRERG\IRUFHV7KHFRPSUHVVLEOH(XOHUHTXDWLRQV
DUHWDNHQWREHWKHJRYHUQLQJIOXLGIORZHTXDWLRQV7KHVROXWLRQGRPDLQERXQGDULHVDUHSODFHGDWFKRUGOHQJWKVLQ
IURQWRIWKHDLUIRLOFKRUGOHQJWKVEHKLQGLWDQGFKRUGOHQJWKVDERYHDQGEHORZLW7KHFRPSXWDWLRQDOPHVKHV
DUHRIVWUXFWXUHGFXUYLOLQHDUERG\ILWWHG&WRSRORJ\ZLWKHOHPHQWVFOXVWHULQJDURXQGWKHDLUIRLODQGJURZLQJLQVL]H
ZLWKGLVWDQFH IURP WKH DLUIRLO VXUIDFH7KH FRPSXWHU FRGH ,&(0&)' >@ LV XVHG IRU WKHPHVK JHQHUDWLRQ7KH
IUHHVWUHDP0DFKQXPEHUVWDWLFSUHVVXUHDQGDQJOHRIDWWDFNDUHSUHVFULEHGDWWKHIDUILHOGERXQGDU\
1XPHULFDO IOXLGIORZVLPXODWLRQVDUHSHUIRUPHGXVLQJ WKHFRPSXWHUFRGH)/8(17>@7KHIORZVROYHU LVRI
LPSOLFLWGHQVLW\EDVHGIRUPXODWLRQDQGWKHLQYLVFLGIOX[HVDUHFDOFXODWHGE\DQXSZLQGELDVHGVHFRQGRUGHUVSDWLDOO\
DFFXUDWH5RHIOX[VFKHPH$V\PSWRWLFFRQYHUJHQFHWRDVWHDG\VWDWHVROXWLRQLVREWDLQHGIRUHDFKFDVH7KHLWHUDWLYH
FRQYHUJHQFHRIHDFKVROXWLRQLVH[DPLQHGE\PRQLWRULQJWKHRYHUDOOUHVLGXDOZKLFKLVWKHVXPRYHUDOOWKHFHOOVLQ
WKHFRPSXWDWLRQDOGRPDLQRIWKH/QRUPRIDOOWKHJRYHUQLQJHTXDWLRQVVROYHGLQHDFKFHOO,QDGGLWLRQWRWKLVWKH
OLIWDQGGUDJIRUFHVGHILQHGLQ6HFWLRQDUHPRQLWRUHGIRUFRQYHUJHQFH7KHVROXWLRQFRQYHUJHQFHFULWHULRQIRU
WKH KLJKILGHOLW\PRGHO LV WKHRQH WKDW RFFXUV ILUVW RI WKH IROORZLQJ DPD[LPXP UHVLGXDO RI  RU DPD[LPXP
QXPEHURILWHUDWLRQVRI
$JULGFRQYHUJHQFHVWXG\ZDVSHUIRUPHGXVLQJWKH1$&$DLUIRLODW0DFKQXPEHU0f DQGDQJOHRI
DWWDFNĮ 7KHVWXG\VKRZQLQ)LJDUHYHDOHGWKDWPHVKFHOOVDUHQHHGHGIRUPHVKFRQYHUJHQFHDQG
WKDW SDUWLFXODUPHVKZDVXVHG IRU WKH KLJKILGHOLW\PRGHO7KHRYHUDOO VLPXODWLRQ WLPH IRU WKH FDVH FRQVLGHUHG LV
DURXQGPLQXWHV)LJE7KHIORZVROYHUUHDFKHGDFRQYHUJHGVROXWLRQDIWHULWHUDWLRQV7KHRWKHUPHVKHV
UHTXLUHGDURXQGWRLWHUDWLRQVWRFRQYHUJHH[FHSWWKHFRDUVHVWPHVKZKLFKWHUPLQDWHGDIWHULWHUDWLRQV
ZLWKWKHRYHUDOOVLPXODWLRQWLPHDURXQGPLQXWHV


DE
)LJ*ULGFRQYHUJHQFHVWXG\XVLQJWKH1$&$DLUIRLODW0DFKQXPEHU0f DQGDQJOHRIDWWDFNĮ DOLIWDQGGUDJFRHIILFLHQWV
YHUVXVWKHQXPEHUPHVKFHOOVDQGEWKHVLPXODWLRQWLPHYHUVXVWKHQXPEHURIPHVKFHOOV
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
DE
)LJ6LPXODWLRQUHVXOWVIRU1$&$DW0DFKQXPEHU0f DQGDQJOHRIDWWDFNĮ DHYROXWLRQRIWKHOLIWDQGGUDJFRHIILFLHQWV
REWDLQHGE\WKHORZILGHOLW\PRGHOEFRPSDULVRQRIWKHSUHVVXUHGLVWULEXWLRQVREWDLQHGE\WKHKLJKDQGORZILGHOLW\PRGHOV
/RZ)LGHOLW\0RGHO
7KH ORZILGHOLW\ &)' PRGHO LV FRQVWUXFWHG LQ WKH VDPH ZD\ DV WKH KLJKILGHOLW\ PRGHO EXW ZLWK D FRDUVHU
FRPSXWDWLRQDOPHVKDQGUHOD[HGFRQYHUJHQFHFULWHULD)RUWKHORZILGHOLW\PRGHOZHXVHWKHFRDUVHPHVKLQWKHJULG
VWXG\SUHVHQWHGLQ)LJDZLWKPHVKFHOOV7KHIORZVROXWLRQKLVWRU\IRUWKHORZILGHOLW\PRGHOVKRZQLQ
)LJD LQGLFDWHV WKDW WKHOLIWDQGGUDJFRHIILFLHQWVDUHQHDUO\FRQYHUJHGDIWHUWRLWHUDWLRQV7KHPD[LPXP
QXPEHURILWHUDWLRQVLVVHWWRIRUWKHORZILGHOLW\PRGHO7KLVUHGXFHGWKHRYHUDOOVLPXODWLRQWLPHWRPLQXWHV
$FRPSDULVRQRIWKHSUHVVXUHGLVWULEXWLRQVVKRZQLQ)LJELQGLFDWHVWKDWWKHORZILGHOLW\PRGHOLQVSLWHRIEHLQJ
EDVHG RQ PXFK FRDUVHU PHVK DQG UHGXFHG IORZ VROYHU LWHUDWLRQV FDSWXUHV WKH PDLQ IHDWXUHV RI WKH KLJKILGHOLW\
PRGHOSUHVVXUHGLVWULEXWLRQTXLWHZHOO7KHELJJHVWGLVFUHSDQF\LQWKHGLVWULEXWLRQVLVDURXQGWKHVKRFNRQWKHXSSHU
VXUIDFHOHDGLQJWRDQRYHUHVWLPDWLRQRIERWKOLIWDQGGUDJ)LJD
7KHUDWLRRIVLPXODWLRQ WLPHVRI WKHKLJKDQG ORZILGHOLW\PRGHO LQ WKLVFDVH VWXG\ LV ,QPDQ\FDVHV WKH
VROYHU GRHV QRW IXOO\ FRQYHUJHZLWK UHVSHFW WR WKH UHVLGXDOV DQGJRHVRQXS WR LWHUDWLRQV7KHQ WKHRYHUDOO
HYDOXDWLRQWLPHRIWKHKLJKILGHOLW\PRGHOJRHVXSWRPLQXWHV,QWKRVHFDVHVWKHUDWLRRIVLPXODWLRQWLPHVRIWKH
KLJK DQG ORZILGHOLW\PRGHOV LV DURXQG  )RU WKH VDNH RI VLPSOLFLW\ ZHZLOO XVH D IL[HG YDOXH RI  LQ WKH
QXPHULFDOFRPSXWDWLRQVSUHVHQWHGODWHULQWKHSDSHU
$HURG\QDPLF)RUFHV
7KHDHURG\QDPLFIRUFHVDUHFDOFXODWHGE\LQWHJUDWLQJWKHSUHVVXUHGLVWULEXWLRQRYHUWKHVXUIDFHRIWKHDLUIRLO7KH
OLIWFRHIILFLHQWDQGWKHZDYHGUDJFRHIILFLHQWDUHFDOFXODWHGDV

DD FRVVLQ ][O &&&   DD VLQFRV ][GZ &&&  

ZKHUH&[DQG&]DUHWKHKRUL]RQWDODQGQRUPDOIRUFHFRHIILFLHQWVUHVSHFWLYHO\DQGDUHFDOFXODWHGE\LQWHJUDWLQJWKH
SUHVVXUHGLVWULEXWLRQFRXQWHUFORFNZLVHDURXQGWKHVXUIDFHRIWKHDLUIRLODV

³ GV&& S[ TVLQ  ³ GV&& S] TFRV 

ZKHUHGVLVWKHSDQHOOHQJWKRQWKHVXUIDFHRIWKHDLUIRLODQGTLVWKHDQJOHWKHSDQHOPDNHVZLWKWKHKRUL]RQWDOD[LV
1XPHULFDO6WXG\
7KHREMHFWLYHRIWKLVQXPHULFDOVWXG\LVWRLQYHVWLJDWHWKHVFDOLQJSURSHUWLHVRIPXOWLILGHOLW\VKDSHRSWLPL]DWLRQ
:HFRQVLGHUDLUIRLOOLIWPD[LPL]DWLRQDWWUDQVRQLFIORZFRQGLWLRQV,QWKLVVHFWLRQZHGHVFULEHWKHJHQHUDOVHWXSRI
WKHFDVHVWXG\DQGGLVFXVVWKHUHVXOWV
         
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*HQHUDO6HWXS
7KHPXOWLILGHOLW\RSWLPL]DWLRQPHWKRGGHVFULEHGLQ6HFWLRQLVXWLOL]HG7KHGHWDLOVRIWKHSUREOHPIRUPXODWLRQ
DQGWKHRSWLPL]DWLRQDOJRULWKPDUHJLYHQLQ6HFWLRQVDQGUHVSHFWLYHO\7KHVXUURJDWHPRGHORSWLPL]DWLRQLV
SHUIRUPHGXVLQJDSDWWHUQVHDUFKDOJRULWKP>@ZKLFKLVDGHULYDWLYHIUHHPHWKRG7KHKLJKILGHOLW\&)'PRGHOLV
GHVFULEHGLQ6HFWLRQDQGWKHORZILGHOLW\&)'PRGHOLQ6HFWLRQ7KHVXUURJDWHPRGHOVDUHFRQVWUXFWHGXVLQJ
WKH6353WHFKQLTXHGHVFULEHGLQ6HFWLRQ
7KUHHRSWLPL]DWLRQUXQVZHUHSHUIRUPHGZLWK WKHDLUIRLOVKDSHGHVFULEHGE\DQGGHVLJQYDULDEOHV7KH
1$&$GLJLWSDUDPHWHUL]DWLRQ6HFWLRQLVXVHGIRUWKHGHVLJQYDULDEOHFDVHDQG%p]LHUFXUYHV6HFWLRQ
DUH XVHG LQ WKH RWKHU WZR 7R HQVXUH WKDW UHDOLVWLF DLUIRLO VHFWLRQV DUH REWDLQHG ZLWK WKH %p]LHU FXUYH
SDUDPHWHUL]DWLRQDGGLWLRQDOQRQOLQHDUFRQVWUDLQWVDUH LPSOHPHQWHG WRHQVXUH WKDW WKHXSSHUDQG ORZHUVXUIDFHVGR
QRWFURVVDQGWKDWWKHFKRUGZLVHYDOXHVRIWKHIUHHFRQWUROSRLQWVRQWKHXSSHUDQGORZHUVXUIDFHVDUHPRQRWRQLF
7KHWUDQVRQLFGHVLJQFDVHFRQVLGHUHGLQWKLVVWXG\KDVDIUHHVWUHDP0DFKQXPEHU0f DQGDQJOHRIDWWDFN
D 7KHREMHFWLYHLVWRPD[LPL]HWKHOLIWFRHIILFLHQW&OZLWKFRQVWUDLQWVRQWKHZDYHGUDJFRHIILFLHQW&GZPD[ 
 DQGRQ WKHQRQGLPHQVLRQDO FURVVVHFWLRQDO DUHD$PLQ  7KH LQLWLDO GHVLJQV LQ DOO GHVLJQ FDVHV DUH
DSSUR[LPDWLRQV WR WKH5$( DLUIRLO VKDSH7KHVH DSSUR[LPDWLRQ VKDSHV DUH REWDLQHG IRU HDFK GHVLJQ FDVH E\
PLQLPL]LQJWKHQRUPRIWKHGLIIHUHQFHEHWZHHQWKH5$(DQGWKHDLUIRLOVKDSHREWDLQHGE\WKHSDUDPHWHUL]DWLRQ
7KHLQLWLDOGHVLJQVDUHVOLJKWO\GLIIHUHQWLQHDFKFDVHVLQFHQXPEHURIGHVLJQYDULDEOHVGLIIHU
5HVXOWV
7KHLQLWLDODLUIRLOVKDSHVDUHVKRZQLQ)LJD$OWKRXJKDOOLQLWLDODLUIRLOVKDSHVDUHDQDSSUR[LPDWLRQWRWKHVDPH
DLUIRLOVKDSH5$(WKHUHLVDGLIIHUHQFHEHWZHHQWKHPGXHWRGLIIHUHQWQXPEHURIGHVLJQYDULDEOHV$VDUHVXOW
WKHOLIWDQGGUDJFRHIILFLHQWVYDU\FRQVLGHUDEO\IRUWKHLQLWLDOGHVLJQV7DEOH,QVSLWHRIWKLVWKHRSWLPL]HULVDEOH
FRQYHUJHWRVLPLODUGHVLJQV)LJEHDFKZLWKWKHVDPHYDOXHRIWKHGUDJFRHIILFLHQW7DEOH7KHRQO\QRWDEOH
GLIIHUHQFHLVDWWKHWUDLOLQJHGJHZKHUHWKHDGGLWLRQDOFRQWUROSRLQWVSURYLGHDQH[WUDFDSDELOLW\WRPRGLI\WKHVKDSH
$VDUHVXOWWKHRSWLPL]HGDLUIRLOLQ&DVHZLWK'9¶VKDVWKHODUJHVWOLIWZKHQFRPSDUHGWRWKHRWKHUFDVHVWKH
DQG'9FDVHV
7KHFRPSXWDWLRQDOFRVWLQFUHDVHVZLWKDGGLWLRQDOGHVLJQYDULDEOHV7DEOH)URP&DVHWR&DVHWKHQXPEHU
RIKLJKILGHOLW\LWHUDWLRQVLQFUHDVHVE\WRDQGIURP&DVHWR&DVHE\WR7KHQXPEHURILWHUDWLRQV
RIWKHVXUURJDWHPRGHOLQFUHDVHVPRUHUDSLGO\&DVHQHHGVLWHUDWLRQVDQG&DVHJLYLQJDQLQFUHDVHRI
LWHUDWLRQVZLWKWKHDGGLWLRQDO'9¶V7KHQXPEHURILWHUDWLRQVLQFUHDVHVWRIRU&DVHDQLQFUHDVHRI
IRUWKHDGGLWLRQDO'9¶V7KHRYHUDOOFRPSXWDWLRQDOFRVWULVHVDFFRUGLQJO\([SUHVVHGLQWKHQXPEHURIHTXLYDOHQW
KLJKILGHOLW\ LWHUDWLRQV WKHFRVW LV OHVV WKDQ IRU&DVH OHVV WKDQ IRU&DVH DQG IRU&DVH)LJXUHF
VKRZVWKHYDULDWLRQLQWKHFRPSXWDWLRQDOFRVW7KXVWKHGHVLJQRSWLPL]DWLRQFRVWLQFUHDVHVPRUHRUOHVVOLQHDUO\LQ
WHUPVRIWKHQXPEHURIDOJRULWKPLWHUDWLRQV7KHZRUVHWKDQOLQHDULQFUHDVHRIWKHRYHUDOOFRVWLVPRVWO\GXHWRWKH
VXUURJDWH PRGHO RSWLPL]DWLRQ LQGLFDWLQJ WKDW IXUWKHU UHGXFWLRQ RI WKH RSWLPL]DWLRQ FRVW FDQ EH REWDLQHG E\
LPSURYLQJHIILFLHQF\RIWKLVSDUWLFXODUVWHSRIWKHGHVLJQSURFHVV
7DEOH1XPHULFDO UHVXOWV IRU WKH WKUHHDLUIRLOGHVLJQRSWLPL]DWLRQFDVHVZLWKDQGGHVLJQYDULDEOHV '9V1F LV WKHQXPEHURI ORZ
ILGHOLW\PRGHOHYDOXDWLRQVDQG1ILVWKHQXPEHURIKLJKILGHOLW\PRGHOHYDOXDWLRQV$OOWKHQXPHULFDOYDOXHVDUHIURPWKHKLJKILGHOLW\PRGHO

  &DVH'9V  &DVH'9V  &DVH'9V
9DULDEOH  ,QLWLDO 2SWLPL]HG  ,QLWLDO 2SWLPL]HG  ,QLWLDO 2SWLPL]HG
&O         
&GZ         
$         
1F         
1I         
7RWDOFRVW         
'HVLJQREWDLQHGXVLQJWKHDOJRULWKPGHVFULEHGLQ6HFWLRQVXUURJDWHPRGHORSWLPL]DWLRQSHUIRUPHGXVLQJWKHSDWWHUQVHDUFKDOJRULWKP>@
7KHWRWDORSWLPL]DWLRQFRVWLVH[SUHVVHGLQWHUPVRIWKHHTXLYDOHQWQXPEHURIKLJKILGHOLW\PRGHOHYDOXDWLRQV7KHUDWLRRIWKHKLJKILGHOLW\
PRGHOHYDOXDWLRQWLPHWRWKHFRUUHFWHGORZILGHOLW\PRGHOHYDOXDWLRQWLPHYDULHVEHWZHHQWRGHSHQGLQJRQWKHGHVLJQ)RUWKHVDNHRI
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